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A NON-LINEAR DISPERSIVE PULSE 

FIELD OF THE_ INVENTION 

This invention relates Co a non-line.,, d lsj « rs:lv ., p , 

"—»'»' f ° r '"° duci "S P»l««0 raaio frequency Metric 
signals. 

BACKCROUND _Qr TH E INVEN TION 

,Uf,h powwr radl ° ^uencv aru l microwave wenerntor* »c« 

k "° Wn Jt J " UeSi - bi « such generator. to be , ble Co 

provide: a faeilit-v for n nir-i/i,. -i 

nry tor quickly changing the frequency of the 

UUtpUt radio f're'IUP'K-V c-innal f > 

iUy ' lty ^gnal. Such generators are required 

i-o produce high powe r pulses of r-«riin 'r-^ 

^ ° ^dciio frequency with p^ak 

power... ior example, in excess of lOOkw. For convenience the 
term radio frequency as used in u.is specification is 
intended to mean radiation in the high frequency, very high 
frequency, ultra high frequency and microwave regions of the 
e 1 ectromag net i c ivpcctr uai . 

it is d,-irabie to be able to adjust .,h e output 
frequency of a high power radio frequency generator rapidly 
and over a relatively large tuning range. For- example it is 
ufioful to be able to adjust rhe frequency of the output 
signal in * Lime of the order of 0.1 millisecond to 1 
millisecond, which allows frequency variation at P ul ye 



repetition rrcsquencuefi of lkilz to 2 0kHz, 





Examples of known high power radio froqutii 




are magnetrons, klystrons and travelling wer/e tubes i TWTy ) . 
Those devious generally operate by generating a beam of 
electrons which passes through a periodic mechanical 
structure designed such that the electron beam ■ interact:*-; with 
the mechanical structure so that, energy is extracted from the 
election beam to produce a radio frequency or microwave field 
inside the mechanical structure which is normally a cavity. 
The characteristics of the radio frequency output from such 
known devices are fixed partly by the design oi' the 
mechanical, structure and the characteristics of the electron 
beam and the structure together determine the range of radio 
frequency oscillation frequencies which can be supported and 
the quality factor of the cavity. Such devices may act as 
amplifiers for a small radio frequency signal. 

High power oscillators such as magnetrons have been 
developed to produce output powers up to a few megawatts with 
tuning ranges of about 10 percent. The radio frequency 
output, of such magnetrons is tuned by mechanical adjustment 
of the cavity and very high power magnetrons usually have 
relatively small tuning ranges. Specialised magnetrons which 
include rapidly rotating disks are able rapidly to adjust the 
radio frequency output frequency fxom pulse to pulse but are 





limited t.w relatively low output power:s$WI less than 
megawatt with constrained frequency agility resulting from 
f i xed cyc.l iny pa t t.erns . 

Klystron amplifiers may be used to produce; high radio 
frequency output powers with the frequency being tuneable; by 
variation oi the frequency of the low power radio frequency 
input signal* Ay che peak power of a klystron is increased 
the hand width is reduced and the eiiective tuning range iy 
reduced accordingly . 

Travelling wave Tube amplifiers have been developed with 
bend widths o£ one octave but. this restricts the operating 
power to relatively low values oi typically less than lOOkw. 

At higher power levels the banc width is reduced to about 10 
to i5£ at 1 meqawatt power. 

Thus at power levels of more than a few megawatts 
convent i onal electron beam radio f requency generators have 
small band widens and smell tuning ranges. high power 
magnetrons require mechanical adjustments to the cavity to 
adjust the nidio frequency output irequrmcy. AmpliHery such 
*s klystrons and TWTs have severely restricted band widths at 
high power levels with correspondingly reduced frequency 
change agility* 
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Thui oho object of the prefu-jiit. invention is Lu provide a 
radio frequency generator .which can be operated at relatively 
high power levels, preferably up to 1 gignwott. with a good 
abi 1 i ty for £ requency change * 

This and other objects and advantages of the present 
invention wi J i become more apparent from details disclosed in 
the 1'oJ.lowing specification whuru preferred embodiments of 
the invention ore described* 

SUMMARY OF THE I NVENTION 

According to one aspect of the present invention there 
i provided h non-linear disporyive pulye generator Tor 
producing pulse radio frequency electrical signals, including 
a non-linear dispersive electrical circuit incorporating at 
least one. non-linear element made oi" a material sensitive to 
lov; pov/er signals and a means oL producing a variable power 
control signal and applying the control signal to the ot 
lea.v.t, <">ne non-linear element to modify the extent of the 
non-linearity of the element and thereby vary the output 
I requency of the radio frequency uloo tr ical signal generated* 

Preferably the non-linear dispersive electrical circuit 
includes a plurality of non-linear elements in the iorm of 



indue tor s interconnected 




capacitors eoeh linking the input side of one^MTductor to tUio 
output 431 Ot* oi the next inductor in line ior di upoi yive 
purposoy, and a second array of capacitor^ arranged in 
parol lei to one another such thai, each capacitor of the 
second array connects the input «iile oi' a different inductor 
to a common electrical line. 

Conveniently the or each non-linear element material is 
a ferromagnetic materiel sensitive lo a niwynetic field and 
the control aignal producing means iu operable to produce a 
relatively email variable electric current which yives rise 
to a variable low value magnetic field which is applied to 
the ferromagnetic material to adjust the initial state of the 
non- Linear element and alter the behaviour of the non-linear 
element during modulation of a hiqh power radio signal to 
change the frequency of the radio irequency signal outputv.ed 

from the generator. 

Advantageously the control signal producing means 
include?; a source of low power direct current which is 
applied to the input side oi the non- linear dispersive 
electrical circuit with a high voltage input and which is 
returned to the source from the output side of the non-linear 
dispersive electrical circuit at the radio frequency signal 
output and a computer control ior varying the value of the 

>LEAS Ujw- 
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low power direct, current to vary the frcM$W>ey of tin*. radio 
Irequency output, signal . 

Alternatively the or each non-linear element material is; 
ferroelectric material sensitive to an electric field and the 
control signal producing means is operable to produce a 
variable lev; value electric field which is applied to the 
ferroelectric material to adjust: the initial state of the 
nun-linear element, and alter the behaviour of the non-linear 
element during inoculation oi. a high power radio frequency 
signal to ohnnijfc the frequency of the radio irequency signal 
outputted f:oivi the generator. 

l*cr a better understanding of the present invention, and 
to show how the same may be carried into effect, reierence 
will now be made, by way oi example, to the accompanying 
dr aw i ng in w h i c h : 

DL-;S CKI'1'TI0N THE D RAWINGS 

i-igure i iy a schematic diagram of a non- linear 
dispersive pulse generator according to a first embodiment of 
the present invention, and 

Figure J^^ls a schematic diagram of a typical dispersion 
curve of a non-linear dispersive electrical circuit used i n 
the embodiment oi Figure 1. 
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DliyOKlPTlCtN Of E MBODIM ENTS OK_THE INVErVjft^ ,™ 

first embodiment c >f the Present invention is shown .in Figure; 



A ntm-lineor dispersive puise gent:ratW according Co 



1 and is operable to produce pulsed radio frequency 
electrical signals. To this end it. employe a non-Linear 
dispersive electrical circuit general iy indicated at 1 
incorporating at least one non- linear element such as 
inductors 2 made of a material sensitive to low power 
signals. A high voltage electrical pulse that has a short 
pulse riue time hi id a flat top is injected into the circuit J 
at 3. The non-linear and dispersive characteristics of the 
circuit I modify the shape of the pulse and are such as to 
produce a radio frequency output pulse at 4 from the input 
pul*e. Preferably the circuit I ifi solid state. 

The puis* generator as shown in figure 1 also includes a 
means generally shown at b ior producing a variable power 
control signal 6 and for applying the Signal 6 to at least 
one ul the non-linear elements such as the inductors 2 at the 
high voltage input point 3 to modify the extent of the 
non-linearity ol the element and thereby vary the output 
frequency of the radio frequency electrical signal 4 



generated 
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The circuit i includes a plurality "bT ^NF* fft'rf^firf^MdL. 



elements in the form of inductors 2 interccJnnec ted in series, 
a first array of coupling capacitors 7 each linking the input 
side: oi one inductor 2 to the output aide of the next 
inductor 2 in line Tor dispersive purposes. Those capacitors 
7 hrtvt-i a value C" and provide additional dispersive 
chuiae tor is tics to the circuit 1 in order to enhance the 
conversion oi" energy from the .input pulse at 3 to the radio 
frequency output, signal at 4. The arrangement of the 
coupling capocitory 7 as shown in Kigura 1 is merely one 
example and suitable dispersive properties nay bi< provided in 
the circuit 1 by other arrangements of capacitors or 
additional inductor- elements- it is also stressed that 
although the input pulse at 3 usually has a short pulse rise 
time and a flat top, neither of these aspects arc; essential. 
It should also be noted that in Figure 1 the circuit 1 has 6 
sections but more or less sections can bo provided if 
des ired . 

Also terming part of the circuit 1 is a second array o£ 
capacitors B each having a capacitance T 0 arranged in parallel 
to one another such that each capacitor 8 connects the input 
side of a different inductor 2 to a common electrical line 9. 
Kach inductor 2 has an inductance L 0 . 
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The input pulse injected at point \J is h high vulUyu 



pulse is also of a high value for example 2kA, The high 
current pulfifs propagates from loft, to right in Figure 1 with 
the propagation velocity being determined partly hy the 
inductance valu^ L 0 o£ the inductors 2. 

leap id cid jusuent of the* output Irequency from the radio 
frequency output at 4 over a wide frequency range is 
achievable with the generator oi Figure 1 by adjusting the 
extent of nor. linearity in the circuit 1. The variation in 
circuit noii-linearity is achieved by choosing a non linear 
element such as the inductors 2 made ot a material sensitive 
to low power- control signals 6. I'or example tne elements 
such as the inductor 2 may contain a material which is a 
ferromagnetic material sensitive to the application of low 
value magnetic fields or e ferroelectric material sensitive 
to the. application of low value electric fields. The control 
signal 6 is a relatively small current or a relatively small 
eleetx ic iield which is used to adjust the initial state of 
the non-iinoar material with this adjustment altering the 
behaviour of the non-linear elements such as 2 during 
modulation of a high power radio frequency signal and 
consequently changing the frequency of jjhu frequency 



pulse for example 50kV. 



The current associated with this 




output signttl . Adjustment of the control signal 6 then*'c> 
allows changes to be made to the radio frequency output 
frequency at 4 on a pulsed pulse basis. 

Thuy in the embodiment o£ Figure 1 the non- linear 
element material is a ferromagnetic material sensitive to a 
magnetic: field. The ferromagnetic material is a saturable 
magnetic material and the inductors 2 preferably are formed 
from o conductive wire which is threaded with soft, 
saturable, ferrite magnetic heads (not shown). In this cawe* 
the magnetic field which is associated with the input pulse 
current at point 3, (usually approximately 2kA) is applied to 
the lerrite toroid in a circumferential direction. When the 
magnetic material is in an unsaturated state its presence 
Increases the value of each circuit inductance to a value 
greater than i, y . If the magnetic material is forced into a 
saturated state the value of the inductance falls to the 
lower limiting value of L 0 . 'I'huf; when the control signal 6 is 
h relatively smaJ 1 variable electric current, a variable low 
value magnetic field is created at the inductors; 2 so as to 
adjust the initial state of the non-linear element 2 and 
alter the behaviour of the element 2 during modulation of a 
high power radio frequency signal to change, the frequency of 
th«* radio frequency signal outputted at point 4. 

mw 
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The non-1 inear magnetic material which in included in 
the inductor 2 may bo used to of feet the propagation of the 
inpuL pulse through the circuit 1- The presftncjfi of 

unsaturated magnetic material in each of the circuit 
Inductances inhibits the flow oi current along the 
transmission line in the circuit 1 such that the propagation 
velocity of the front of the input pulse ih reduced by the 
p rHftftnr; e of unsaturated magnetic material. Consequently the 
injected current, pulse propagates from the input .3 to the 
output point 4 at a velocity which is determined par-fly by 
the initial state of the non-linear circuit element or 
i ncluctor 2 . 

The dispersive characteristics of the circuit 1 produce 
the natuT-nl effect that the phase velocity of an oscillating 
signal is dependent on the oscillation frequency of the 
signal* Figure 2 shows a typical dispersion curve for a 
circuit such ay that shown in Figure 1 in which it is clear 
that th« phase velocity ot an oscillatory signal in the 
circuit i i.w dependent on the oscillation frequency of the 
signal- if an electrical pulse with a flat top is injected 
into circuit I at point 3, energy is transferred into an 
oscillating signal component whose oscillation frequency is 
determined bv h curve such as that shown at 10 in Figure 2. 




propagation velocity of the injected pulyc in Lhe generator 
of Figure 1 will be to change, the frequency of the radio 
irequcn<:y signal which is excited in the circuit 1. By 
providing means 5 to adjust the initial condition oi the 
non-linear element or inductor 2 it iw possible* to control 
the propagation velocity o£ the input pulyo and consequently 
control the frequency of the radio frequency output at point 
4. In the ease* ci non-linearity which is based on saturable 
magnetic material, the initial state of the magnetic material 
r , an & e adjusted by passing a small direct current typically 
less thrin I amp current through the inductors 2. Injection 
of the direction current current as a contiol signal G prior 
to injection of the high current pulse at point 3 will set 
the condition of the non-linear clement or indue; Lor 2 such 
that the circuit 1 will produce a particular radio irequency 
output frequency. variation of the direct current level of 
control signal ft will allow variation of the radio frequency 
on l.put frequency . 

Ay shown in Figure 1 the means 5 includes a source 11 
of low power dix'ect current which is applied to the input 
side oi the non-linear dispersive electrical circuit 1 at 




point 3 and which is returned Lo the som^^^Ti oiu Li it- output"/* 
sicift at point 4. Thus the direct current iiows through each 
of the transmission lino inductors 2. iViflsage of the direct 
current through the inductors 2 produces a magnetic ficid 
around ouch inductor which couples with the saturable 
magnetic; material in each inductor. The direct current 
control siyiiHls r- can bo used to set the initial condition of 
the saturable magnetic material in each inductor 2 <-md in 
eftect is used to :;ai the saturable magnetic materia! at a 
certain point on its hyytuieyis loop! The initial set 
position can be varied continuously between, positive and 
negative saturation values"; lor the saturable magnetic 
material by selecting the level of dixect current 
appropriately- The means 5 also includes circuit protection 
elements I/. to protect the souioe U from ihe high voltage 
pulse which also is injected at point 3 to the circuit 1. 

Adjustment of the direct current signal 6 can be 
achieved in a short time and ior example in the generator oi 
Figure 1 the output frequency may be* changed in lor.si than 1 
millisecond. The means 5 also includes a computer control 13 
and the frequency of the radio frequency output pulse can be 
stepped, in a linear fashion, from pulse to pulse through the 
tuH tuning ranq«_* oi the generator. It^fef alyo possible to ^ 




produce random radio frequency 
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pulse within. the constraints oi the radio frequency source; 
tuning raiigc or Lo produce statistically weighted radio 
frequency outputs to optimise the energy which is radiated as 
a iunction of frequency. 

The tuning range of radio frequency frequencies which 
can be generated from a genera Lor as shown in Figure 1 can 
be ot least plu:-: or' minus 20% oi the design eentro frequency. 
This is a laiyc range compared to conventional high power 
radio frnqur-.ncy generators. Preierabiy the r.on-linear 

dispersive circuit 1 should be designed to give a large 
variation in oscillation frequency for a small variation in 
phase ve 1 aoi ty . 

Various modifications nnd alterations may bo* made to 
■\}^ t embodiments of the present invention described and 
illustrated. within the scope oi the present invention as 
do lined in the following claims. 
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